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LC Oscillators and their Frequeney Stabilin

Jori Taekar

The vapid development of quartz-cry=~tal manu-

facture during the war =omewhat reduced the use of

tuncable LG oscillators and may even have given
rise Lo the opinion that these oseillators have losi
mos1 of their mnportanee. The experience of the four
post-war years indicates that this conelusion was
incorrect, that the stable LC oscillator retains its
place beside the ery=tal in the first stages of broad-
«cast transmitters, and that it is irreplaceable in
wavenelers, signal-generators and receivers,

The demands placed on the stability of these
Types of oseillators inereased as compared with pre-
war times, espeeially for transmitters and oscillators
or measuring instruments, Their design, which until
Bow has been o (question ol trial and error. must
therclore he put on a firm theoretical basis. During
recent years a nwnber of eircuits have appeared
solving the problem ()r.\lillbilil.\ by different means
[Clapp. Lamphin. Seiler. ete.). These circuits, which
have found popularity zmmng. amateurs, are. how-
=ver, seldom used in industry, mainly because of the
aarrow range over which good tuning can be achiey
=d. In addition, no general theory has vet Leen
Ziven which would permit an ohjective comparison
wilhh regard o the attainable stability . thereby
=nabling the =clection of a suitable circuit for the
')lll‘,m\l'.

The aim of thi~ article is to give the basic requires
nents for the design. and « general mathematical
enaly =i~. of vscillators with an eye 1o the frequencs

tability: to dervive practical rules for the design
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and caleulation of <table LG o~cillitor: io ovaluate
the existing circuit=: and. lastly. 1o describe neyw
cireuits and their practical construction.

Those o=cillators having a frequency ratio ol 2 3

permit a precizion ol frequeney adju=tment of

0.0027, while their Frequeney =tability is at leas
ol the same order, Detailed vesult- of the measure-

ments are given helow,

LINDIVIDUAL CANUSES OF INSTABILETY.
BASTC FACTS AND CONCEPTS

The frequenes of a tuneable oscillator <hoald e

i osingi

e valued function of the tuning clenent (e g,
tuning condenscr) setting, The [requency of normal
oscillators iz, of course, affeeted By a whole number
of other factars, eo g <upply voltage. temperatire.
valve replacement. ete. Variation- in these factor
have to be reduced to a minimuim lor stable oscillat-
ors. The above assert themselves independently,
and =0 an oscillator, which may be very stable as
regards changes in the supply voltages can, on the
other hand. be very unstable as regards changes in
temperature, W e nmust. therefore, piy special atten-
ton to cach of these questions=. for therehy we can
obtain rules for the proper design. The table helow
i3 oa =ummary of causes of frequency changes and
the neeessary preventive <teps.

A more detailed aceount of design. principles
expeciallv in regard to the design ol coils and con-

densers, {ollow=,
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Mechanical vibration ... ...

tuning coil aud condenser
Change in temperature. . ...

tuning coil and condenser

Change in atmospherie pres

L111 J .
Change m huwmidiny ..o wir condensers
Change m CO, of wiv. ..., ..
Ageing of waterials. ... L. tuning coil and comdenser
Chavge of valves. ... L.
Clunge of supphy oltages  valves

Valve vibrations

LMECIHANICAL DESIGN OF TUNING,
CIRCULYT

The cotls of a stable oseillator must hay o astahle
wechanical design and their inductanee should be as
possible independent of temperature and ageing of
materials, From an electrical point of view, the @
should be the highest possible, while the selt-capa-
city does not have to be Kept low. Perhaps the hest

of all existing designs are those utilising ceramic
formers with deposited  silver windings.  Nearly

equally good results can be obtained by winding bace
solid copper wire at a temperature of 80 0 Y0 (
(¢. g over a suitable heating clement) into gErooy es
on a cerawmie former. which. atter fastening the ends.
can be lett to cool. On cooling. the wire contracts and
is strained. thereby follow ing only the thermal ex-
pansion of the ceramie former which for the normal
lemperatures is very small. in this way we ohtain
coils with a evelie thermal coelficient dr O o
' dt
8.10 ° i. v after repeated heating and cooling
there i no change of inductance. The high @ i~
obtained by making the coil short and with a rela-
tively large diameter (0.3 1D 0.0) and by
(‘huusiug the diameter of the wire to be approx.
0.0 0.7 of the w inding pitch leaving a comparatiye-
I_\' small distance between wires, The shield has Lo
be of rigid design and its diameter at least twice
that of the coil.

The tuning condenser requires the same attention
as the coil but the constructional requirements de-
pend on the I'rvquvnv_\ ratio needed. In the extreme
case when o ratio of 2:3 was required  without
switching. with a precision of adjustment of one
part in 50.000, it was neeessary to design a condens-
er with axial and radial play less than 0.001 mm
and a ground worm gear of 1 1o 1o0 1o permit
accurate adjustment. Generallv. however, this sort

of solution is not cconomical and we tey to do with

2 TEsLA TECHNICAL REFORTs
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change df f

weelanical ~stability suitable
up toa few v design of coil aml condenser,
up to 1* 0 C ftemperatuee compensation,
ete,

up tad 107 aam Hy

up to b da * g hamidin

up ta 20 1v 00,

up tooa few v, do not use organic insulating
materials

lln'l'nn‘li('ull\ sealed  tuning
{l‘il‘t‘ﬂ“‘

up to a few v
up toa lew ®
up toafew "

" Inlll.\l-h' circuits ol or

I~|ul)il|~m| power supplies

"

w

less expensive parts. For example, hetter qualiny
variable condensers with large air gaps have a stabhi-
lity of the ovder of one part in a thousand. i. e,
chance varation of capacity over longer periods s
less that one thousandth of their waximum capa-
city. Normal tuning condensers used in broadeast
receivers have a <tability of one part in S00.

I we want to use such a condenser (e g stability
ol one part in S00) to tune an oseillator with a fre-
queney stability off 510 then we have 1o use
such a civeuit that the tuning vange fi,: fi, covers
1:1.025. 1. ¢, the

Iy
!

then reduced 1o

ed by the said condeuser will be only
. . (e
overall eelative frequeney change gur The

tuning condenser ervor of 1 300 i~
500 - 10

fixed condensers ar In connecting the tuning con-

5 - 10 " FPhis we ;u‘hiv\vln_\ adding

denser to a tap on the coil. For lavger frequency
ratios than 12 1025 we cither switeh the coil taps or
the padding condensers, The fixed condensers are
best chosen from among the larger ceramie O pes
(test voltage 2 to 3 KV,

Ven exacting requirements are put on the coil
tap or lixed condenser switehe A< in the interest of
short leads and mechanical rigidity, this switeh is
generally placed near the coil, it is wportant that
the points of contact shonld he well defined and that
the whole switeh should e cleetrically and mecha-
nically stable. These requirements are hest satisfied
by a cam-operated switeh with ceramie insulation or
a robust ceramie waler-switelh. Here too. we try to
W oid organic insulating materials (hakelite. bake-
lite bonded paper. styvrene, ete) which over longer
periods change their degree of polvmerisation and
therefore their diclectrie constant. power factor and
cven dimensions,

The coils. condensers and <witeh are the most
important part~ which affect the Frequency ~tability
regardles<s of the cireuit used, A~ a rule we place

these part= in a common <hield, Ttis ery advantage-
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prnh (‘lmb the tuning elements from sudden changes
S taperature, This is especially important when
using thermal compensation. which fulfils 1t~ pur-
pose only when all temperature changes oceur at the

same Limge and throughout the whole tuning cireuit,

The above puragraphs deseribe the conditions of

design of stable tuning cireuits. The second part
discusses the causes of frequency instability which
originate in the valve, The valve used in the oseillat-
ors is connected Lo the tuning civenit and its internal
capacity, lead inductance, and internal resistance
are, therefore, part of that circuit thereby affeeting
the frccluc'm'y. The gritl-('ulllmlv capacity, for
example, varies with the space charge as much as
4 109, depending on variations in the supply vol-
tages, causing an indireet influence on the frequen-
cy. Likewise the other internal capacities vary from
valve to valve up to | 10", The effeet of these
variations on the frequency has to be minimised by
a proper choice of external cireuit.

3. CIRCUIT Ol OSCILLATOR

To get an objective measure for different oscillat-
or circuits, we have to get a common starting point
in the form of an equivalent circuit valid for all
types of oscillator circuits, If we limit ourselves to
oscillators with negligible transit time effects. then
we can use the equivalent cireuit shown in Fig. |
This circuit i satisfactory for all usual feed-back
oscillators and even for cases like the dynatron and
the the
and output terminals of cach four-pole in Fig. 1 are

cathode-follower oscillator, where input
joined. thereby changing the four-pole into a two-
pele with cquivalent properties.

The equivalent civenit shown in Fig 1 is an oseil-
lator represented by interconnecting two four-poles.
the upper one ln-ing the active network. represent-
the the
represents the tuned circuit.

ing valve, while lower is passive and

Let us introduce the following notation:
A input impedance of valve (mainly grid-ca-

thode capacity)

Z, output impedance of valve (mainly anode-
cathode capacity)

G, nutual conductance

I, input current into geid of valve

I input voltage at grid of valve

I short circuit output current of valve

E,,  open circuit output voltage of valve

I, output current ol valve in load 7,

l'fg vutput \'u]lugv of valve acros== load Z._,'
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Z/’ output impedance of tuned circuit (on grid
side)

Ay mutual impedance of tuned cireuit (see be-
low)

Iy open cireuit output voltage of tuned cireuit
(on grid side)

/., short eireuit output current of tuned cirenit

R, parallel impedanee of tuned cireuit at reso-
nance

" voltage on tuned circuit,

All the above quantities (except Ry) are regarded
as complex

" Z; 22 Q
I 2
Fig. i
We can now deseribe the properties of the two
four-poles by the following relations:
I
VA ' ]
1 ll ( )
y Fyy
z, (2)
I, .
("m TI\ . (3)
I,
G, aer (4)

Equation (1) is a general way of writing the mu-
tual conductance where v is the phase-angle
which the anode current lags behind the grid voltage
as a result of the finite transit time of the eleetrons
in the valve.

In a similar way we define the properties of the
sccond four-pole. I we assume that all the losses of
the circuit are concentrated in the paralle] resis-
tance Ry and that the

anode to the tuned

transformations from the

circuit and from the tuned

cireuit are loss-less. a condition met in practice.
then the

are valid:

well-known impedanee  transformations

TEsLA TECHNICAL REFORTS 3
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E, F, l . ()

ry

Ew I"u] f\" . (0)
from which it {ollows that i
. A -
l“lﬂ I_\‘l /" (!)
and since )
Ey, L4y ()

we obtain by substituting (&) inte (7)

Eo L2720 Q)

The geometric wmean of the impedances Z," and
7, we ean call the mutual impedanee Zy and write
svimbolically:

2y 77 bel (10)

where b represents the magnitude and 3 the phase-
angle of the impedance.

For the passage from the first to the second four-
pole the tollowing velations hold:

Z,
1, 1, Zo o 7y {(n
where the fraction can be expressed symbolically ba:
Z, . o
A A (=)
and tinally
. V8
3 | ) 3
! i [1 [l' “ ]
Z, X
Z /l de, (rn

The quantities Fo 101 By Earves theretore,
(‘}'l‘li(‘;\n) inter-connected by equations (3), (1TH. (D).
(13). thetr mutual substitution furnishing conditions
for vscillation:

abed 1. (15)
(10)

This general erviterion of oxcillation may be simphi-
fied in practice as the following relations generally

hold:

Z,  Z. (1)
Zy 7, (18)
and therefore
I, I.. (1,
E, F. (20
e d L (21
voo0 0 (22)
The criterion of o~cillation then is:
ab 1. (23)

4 Pesea TrEenN e, Brrores

1 H
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Lot us now examine the change of frequeney caus-
ed by a change of internal capacity of the valve.
This we shall do on the basis that by resonant trans-
formations the ohmic and reactive impedances are
transformed equally. A change. 1€ in the input
capacity connected to the impedanee 7" manifests
itsell in o detuning caused by an equivalent capacity
AC, in the tuned cireuit of dynamic resistance Ry so

that:
G, R,

S
NGo 2y (=)
il the tuning condenser is €, then
I‘! ‘,l ‘ N (20)
/ 2 G,

which after substituting for 1€, trom (25) yields
ooz 0
! 20, R

The greater the impedance 7, the greater i= the
change of frequeney. The same considerations hold
for changes in capacity 1€, and impedanee 7, Tor
minimum frequency changes cansed by changes in
the capacities € and . when Z,°7Z, is given in
(24). the optimal solution ix:

g g . 1
R A N (28)
: ..
From the above and turther from cquations (3) and
(0) we get
| SR O (20
i. e, the grid voltage is cqual to the anode voltage.
This results in the valve working with a low effi-
cieney. which in low-power ~table os~cillators i~ ol
little importance.

An oscillator with impedanees designed according
to equations (28) has. therefore, the highest possible
<tability with regard to changes in internal eapaci-
ties of the valves. We <hall now estimate the fre-
queney change caused by a change o'l plin either
internal capacity. the highest vadue likely 1o be et
with in usual valves. Starting from equation (20

Af ¢, 7,
IR,

substituting for Z," from (28) and the well-huown

(27)

value for Ry

R 0 3
Yo o (U -
we aed
I G

[0 0 (31
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LUC LOUYVE CIINEE 01 1FCQUENCY I8 SIaner. witn
lug]ul cireuit. @ and with highicr mutual condue-
LJ.mu- of the valve, aud fora given 1€, 00 propor-
lu)l)d]yln the frc'(lu(‘lu‘}'.

We therefure work with ]lig]l "‘]”l"' valves and Iry
to obtain a @ ax high as possible. Another impartant
point demonstrated by cquation (31) s that the

e . L .
stubility is independent of ¢ of the tuned cireuit.

- - IJ . .
\\ ¢oan therefore choose ¢ s0 as lo obtain a ﬁllll[ih'

mechanical desipn.

H we re-write equation (31) so as 1o he able 1o
substitute practical units. we get after pulting
dC, 1 pF

Af 1 .
S (32)
* f ;'O(;ul

where 2 s w avelength in metres and 6 the mutual

conductance in mA V (millimhos). For example,
SmAVand a tun-

when using a valve with G,
1000 m

ed cirenit of @ 100 we get for 2

dAf .
- = 210 N
J

LACRITICAL REVIEW OF EXISTING
CIRCU TS

Criterian (28) derived above mcans that the high-
est possible stability regarding the internal capa-
cities of the valves can be achieved by conneeting
the anode and grid to point= of the tuned civenit of
as low an impedance as will <l mainmain oscilla-
tion. This eriterion. independently discovered by
a number of authors, was realised in different w avs
as shown in the diagrams. The oscillator of Gouriet
whieh hax been in operation at the BB € sinee
1038 (as tated by B K. Sandeman in bis = Radio
Engineering”. 1917). wax not published hefore this
date and was re-discovered by Jo K. Clapp in 1914
{see Figo 2)0 The eireuits by Seiler (QST 1911 and

Lampkin (Proe. IRE 1939) follow the same idea.
[t ~eemiss therefore, thar if we Kheepo with their de-
signs. to the rules contained in equations (3). (6) and

(28) we must arvive at the same results as regards

stability.

This vreasoning is coreeet with regard to o <ingle-
frequency for which the caleulation i~ carrvied out,
But il the frequenes is varied. conditions ehange
abeupth and differcut o<cillitors give vers different

vesultsc W shall try s by ancexamples to follaw these
3
B

conditions ia the cireait of Gonrict-Clapp (Fig, 2

Lev €, be the tuning condenser. € and € the anode-

(".\['llllll' illlll :_',I’il'-(';l”nul('

Further. let us assume that the ¢ is nearly constant

capacities. respectively,

aver tne anea ll‘I’lHll(V Fange ana wan v
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we ean then write

(
Iy ‘). . (30)
r,,(l“
. ’ . ’ (:Il : 5%
A A A ) : (33)
G, ol (34)
L P

and beeause
I8 -
Cy - 2 {(35)
)
we can substitute into (34} and write

G const.of (34a)

m

We .-'w':llml the mutual conductanee necessary to
maintain oseillations in the Clapp oscillator is pro-
portional 1o the third power of the frequeney. The
consequence i that the mutual conduetance neees-

~iry Lo maintain oscillations when tuning the oseil-

g ’\1

e
1 %___L_g,_

__._.._||,‘A_

Lvtor towards fonger waves decreases: for constant

mutaal conductance the amplitade. and therefore
alvo the arid biass inereases until the valve operates
in class O andd the dy namie conductance deereases
to the needed values W hen taning towards <harter
wares the necessary conductance vises and the ampli-
twde deereases until oscillations ~stop. Fyven though
Clapp’s cireuit has the advantage of simplicity. it

can only be used for aperation on fixed frequencies

Trsta TECnNicA L Bevoarrs D
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The cireuits due to Lawmphin (Fig. -H and Seiler
(Fig. 3) behave quite differcutly. The two civeuits
are Q(l\\i\‘:ﬂvnl‘ the only difference being that Seiler
nses & capacitive and Lampkin an inductive voltage

¥.

o b

divider (the tuning coil) for impedanee transfora-

°’ %u JCSI

: -~ of -

Fig.

tion. Let us calenlate the dependence of mutual con-
ductance on the {requeney for the civeuit due 1o
Seiler which has, worcover, the advantage that
when operating in elass =C™ or "B it capacitive

divider effectively short-cirenits higher harmonics to

ground. Let €, again be the tuning condenser. €
and (?y the anode-cathode and grid-culhndv vapa-
cities respeetively and let €, be the condenser {rom
the grid to the “live™ side of the tuned eiveuit. If we
assume that ¢, C,
write:

and €, C, "N € we can

)
R, Y. (30)
wly

A R((\’ (30)

,

. vonst
(’m

(3ol
It can be seen that the mutual conductance is
inversely proportional to the first power of the fre-
quency. The amplitude dependenee on frequeney i
reversed to that of Clapp’s circuit hut the change in
amplitude iz much less pronounced. This eireuit can
therefore be used for larger frequeney ranges up to
1:1.8.
The next circuit, known as the cathode follower

apprux.

oscillator. in short CFO (see Fig. 7). can also achi-
eve a comparatively high stability when connected
to the tuned circuit at a point of lowest possibile
impedance. For its operation the following relations

hold. It:

second triode

6 Uesty TeeuNiear Reponrys
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Ry common cathode resistor
G, mutual conductance. equal for both triedes
E,  E.. ACvoltage on grid of first and anode of

triode

AU voltage on common cathode

k,

and if

.

In‘: - i Fu i ("m;

and for this current to produce the voltage I, (con-
dition of oxcillation) the impedanee al the point of
connection of the valve

. 0 ]

b,

‘ L. G,

The impedanee is ohviously twice that caleulated for
the previous cases and the same as it we had used
valves with halved mutual conductanees. Because
the condition of stability equation (28) ix valid for
thix case too

df 1

REY
n G, (=8)

we get for equal mutual conductanee half the stabi-
ity ax in the l‘l'(‘\inllﬁ oseitlator. Tts adyantage. of
course, i= a certain Sillll)]il‘ill\' in design of the tuned
cireuit. When tuning this oxeillator over larger fre-
quency ranges, the amplitude will change similarly
as in the oscillator due to Seiler, because ol the con-
stant transformation of dyvnamic vesistance. The
innplilmlv. therefore, rises prupm‘linn;llv]) with the
frequency.

The development of ~table oxcillators in Czecho-
slovakia pmgrvssvd independently and  without
technical intormation about developments in the
West. In 19150 the firm Radioslavia (lv\vlnlu'ul Qa

stable oscillator which suceesslully combined the

1 I+

Fig, 5

properties of the two aboyesmentioned cirewits and
maintained a comparatinvely constant amplitude
over a wide frequencey range. This cireutt (Fig. 5) has
been in practical operation ~inee 1910 in cade 1trans-
mitters of the Czechoslovak Post Office and has an
1o although

[RLIITR

operating frequencey ~tability of 5

oseillating onca relatively short wave (130

4 Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA-RDP80-00926A003700030019-0



WAR ﬂiséu\'(-rwl i[]l](‘l)l‘ll(](‘lll]}‘ and deseribed jusl
a4 yecar ago by the Tralian 0. Landini in the journal
“ Radio Rivista. The latter, however, worked only
cxﬁnrimvnlul]y and to the extent that he gives
theoretical caleulations at all, hie starts from falxe
pl‘l"nﬁﬂ(‘ﬂ. We shall therefore giw- an outhine of the
calculations,

Let us assume the same symbols € L C 0 Coand €
as in the previows example and further lev € (o

C, 0 Coand €00 Coowe can then write

G L 21)
n l ZI,Z:._ . -
o .\ e
Z, I\’l,((. ) : (37)

o
r, ’ ('V“. I-' “
Z, 1.*(.( ; ) : (38)
Ry . (Z) (30)
RARD
subslituting into (3[) we gel
G o S (39)
Qe

Since., with the coil used, the @ inereased moderate-
l)‘ with l‘l'mlm-m-_\’. the NECes=ary mrutual condue-
tanee, and thus also the amplitude, is constant.

The values of the condensers €L € and €, haye to
be determined <o that equation (28) will he satisfied
lor centre frequency of the ranged i e,

i 0 Car 0 0
(., (-',(.‘”,.' ‘(:,, ) o, ((,',,)

W hen actually designing thi~ o~cillator we pro-

()

ceed in the fullowing manner:
Let us ~ayv the a~cillator hias to have a frequenes
2000 he ~ and a ~tability of 10 Yowe

fir=t Jdecide on the lullillg condenser. We can cither

range of 1700

use a ~speeially designed coudenser which of course
wonld be consideraliy laborious and expensive but
which would, without switehing., tune the whale
range with ~uflicient precision or we can use a con-
denser of normal production. Theno of course. o=
necessary ta sub-divide the frequeney range and use
aswitel to obtain the reguired precision: e g, to use
a ton |=|" civeular plate condenser (when tuning <uch
a narrow range logarithmie plates are of no advan-
taged with an esthmated ~tability of une part in 300,
then it~ manimum tuning range ta get a re~ultant

~l.llli“l} of To P aill bes

’ 00
1. > s,

. ona
2000 ke -,

e 1017 we can ~ubedintde it into four bands

I we want to cover the range of 1700

Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA:RDP86-0b§926A0(1)'37OOb30019-0

e 16000 1775 ke, 17700 1860 ke, 1850 19140 ke
and 1030 2020 ke,
To a tuning range of fi 02 [0

a Luning condenser with

Cymax [ [max)* |
(., min S min ) o
i. e. the tuning capacity has a variation € A€
FC, min, The difference 10 0016, min. cor-

responds to the tuning condenser capacily of 100 plf.

1.05 corresponds

the Gised minimum condenser then s

(., min 1o 1c 1000 plF

and is best made of Calit or Tempa S part of which
can he of Condensa and can serve as thermal com-
m

I'he

1000 plo and the maximom frequency

pensation, inductance  we  ealeulate from

(., min

2020 ke =,

25.300
f:

for which we can use our normal ceramie form of

0.2 /l“.

y
13 mm diameter and piteh of 1w According to
! . -

0210, ¢, 9.5 tarnx,
D

The coil isx wound with a wire of 0.7 of the pil(t]l.

the known formula we find

that is. a diameter of 0.7 mm according to the me-
thod given above, The other three ranges are cover-
ed by switehing further 100 pE condensers into the
circuit,

The parallel impedanee of the cireuit of a centre
frequeney of 1850 ke s will be
0

oy

Ry (30)
I we assume the O to be 100 and with a capacity

(. 1200 |||“. we gel

u
R, 1200 0.

To fulfil the optimum condition of stahility (28) with

an K30 0f 3 mA N operating conductanee we have:
g o !
Z, Z,

200 0,

i
The impedance trin=lormation ratio 1=, therefore,
R, 7,
tion ratio i< fixed and alzo the ratio of condensers
whieh 1~ l.'!h: | G,
W e therefore

36 : b by which the voltage transforma-

wet:
(™ «,
. N O,
¢,
(., O0C, 7200pl.

[ (0 [nl“ we get € (00) l)l“.

and by choosing €

e must not forget. of course. that beeause of the

neeessary ;|~-umpliun~ (vo . ) these results will

Treea Pronsiean Revorrs 7
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only be approvimate. and i practice it will be ne-
cessary Lo adjust these values according to exacl
measurements.

The stability with respect 1o internal capactty

changes will be. aecording to (32).
l]‘)" 1
I,

i, e. for o change of internal capaeity of T pl e get
a change of frequicney

1.85 - 108 . 1.25 + 1o

B
- l'|l\.

The next civeuit shown i Fig. 0 i< simitar to the
previous one. the only differenee being that the
condenser € ix divided into €, and €L hetween
which the tuning condenser is conneeted. This cir-
cuit i~ a compromise between the previous cireuit
and that due to Seilers and permits a constant am-

plitude in a =ull greater frequeney range (up to

— -——wan o
L0

o [

g ol o

o-||~—l~4r-—»——4r-»~—n—f]

Fia. b

L2 2.5) which ix of hmportanee for wave meters and
communication receivers, Hs caleulation iscol course.
take

the frequeney dependence in the given frequenes

more involved. as we have to into aceount
range of the () of the coil used. The best method.
therefore. is one af trial and error: choosing a-
a stavting point these values of cirenit parameiers:

. 0.1¢,. C

as aboveo O,

L, G, we calealate in the sanme way
10C,. €, = adjusted finally <o asto
heep the aplitnde of o~cillation practically con-
stant over the whole tuning range. Should the
amiplitude be 1oo small. or should the vireait not
oscillate at all. then we have 1o deercase both €
and €, and the reverse, The amplitude of oscillation
shiould be adjusted to =uch a value that the anode
current when o=eillating is 00¢ ol the quiescent
current. whicliis the case only il there is no cathode
bias resistor,

Thi< bias should not be used. but rather the screen
or anode voltage should be Towered <o as not to en-
danger the valve when oscillation stop-, The best

valve Tor this purpose is. as was <hown. ay alve with

S TEsL TrEenNevn REPoRTS
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a high mutual conductance, \s the anode load iimpe-
dance Z, is small (ol the order of 100 S00 Q). the
internal resistanee ix of no significanee and it is all
the same whether we use a triode orapentode: only
a high mutual conductanee is of importanee. Tt is

further of adyantage for the valve to have this high

[«

o
[y
—
=

Fie. T
conductanee with a low anede current. for in this
ca=e the power Uelivered by the valve to the tuned
civeuil is only of the order of a tew millivatt=, which
does ot cause the well-known “ereeping™ of fre-
queney after switching on. Thix calls Tor uxing high-
~lope T, pentodes e g, ES0. FRLL ere. Good
result= can also he obtained by using the usual out-
put valhves F112, B2 ete. with reduced sereen
arid voltage (100 1 LO V). These faets arve. ol course,
valid Tor all Ly pes of o~cillators deseribed here.

The last cireuit (shown in Fig. 8) uses a variable
inductanee which can be tuned. cither by moving an
iron eore or a short-circuited turng by a mieromelrie

cerew instead of oy ariable condenser. The frequencey

T_ JO0N ot
‘. |
i

|
|

range obtainable with an iron cove = L 11 that
with a <hort-cireuited turn i~ beeanse of the losses
and benee necessarily looser coupling u~ed. i
121,05, By fining the iron core tooa nierometrie
~erew we obtain greal pl'v('i~iu|l: o conerele case,
with a total tras el of the core of 20 mm and

[P

a l»ilvll of the micrometrie screw of T omm. one divi-
cion of the hondred division cirenlar dial corres-
lmn(l‘ to a change in frequency ol one part in 20,000,

Thi~ componeut i~ of eourse. considervabily ~impler
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“and cheaper than a special tuning condenser design-
ed Lo salisly the samne specifications.

When a greater tuning range than 1:1.1 is
needed, we provide the coil with taps, switch con-
densers,or even hoth. Tn Tig. 8 the switched condens-
er is connected similarly to the Luning condenser in
Fig. 5 which ensures a constant amplitude when
switching this condenser into the circuit. The con-
densers C,, €, and C, are dimensionally equal to
those used in Fig. 5.

CONCLUSTON

In the above article a survey has heen made of the
factors affeeting the frequency stahility of oscillat-
ors; mechanical and clectrical conditions have been
dervived for the design and constraction of oscillators
with high frequency stability: a method of caleulat-
ing the general oscillator with regard to its frequen-
ey stability has been given: causes of instability

have been separated and defined; and a formula

= Declassified‘in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA-RDP80-00926A003700030019-0

has been derived for the direet evaluation of eleetric-
al stability (defined as the relative change of fre-
quency caused by a change of 1 pF in the internal
capacitance ol a valve).

A survey has also been made of existing circuits
of modern stable low impedanee oscillators, i. e. the
impedances seen by the valve are as low as possible.
their evaluation as regards attainable frequency
stability; and amplitude versus frequency depen-
denee when they are tuned over a given frequency
band. When optimal frequency and amplitude stabi-
livy is required, new cireuits have been proposed
which have been tested in practice and which are
used in the construetion of vseillators for broadcast
transmitters at TESLA. The evaluation ol these cir-
cuits and practical results are given.

Thanks are due for many valuable hints and sug-
gestions given by Mr. Vilém Klika and for the de-
voted collaboration of all oar colleagues in work-

shop, design department and laboratories.
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Rotatable Directional Antenna

Josef BFiza

SUMMARY

Advantages and  disadvantages of -short-wave
directional antennas. Deseription of a new rotatable
directional antenna.

The present antenna is basically a sloping thomb-
ie antenna, suspended on a single mast so that it
can be rotated and attached to three cars which in
turn run on rails around the mast: shifting the cars
controls three parameters: direetion of transwission
or reception: apex angle of the rhombus: the angle
between the plane of the antenna and the ground
plane. This permits favorable horizontal and ver-
tical transmitting and receiving direetional patterns
for cach frequeney used and with respeet to the
electrical properties of the ground: the effeetiveness
of the antenna ix improved: the frequency range of
the antenna is inereased and its dimensions are
reduced. Lower investment costs are involved for
installation of an antenna for transmission or recep-
tion in various directions and on various frequencies,

Determining the intensity of the electromagnetie
field of the transmitting antenna according to the
proposal. Determining the azimuthal and vertical
radiation patterns. Consideration of the optimum
apex angles of the rhombus, and favorable eleva-
tion angles for the maximum vertical directivity.

Description and results of measurement of the
azimuthal and vertical radiation pattern on a scale
model of the antenna.

Editor’s note: The apex angle here considered is
twice the complement of the -ult” angle used by
some other authors.

1. SHORT WAVE DIRECTIONAL ANTENNAS

11. Adrantages and Disadvantages of Directional
Antennas

One of the characteristic properties of short waves,
which are usually used for radioclectrical com-
munication over long distances. is the possibility of
effective concentration of the transmitted clectro-
magnetic energy in a direction towards the receiver
by means of dircctional transmitting antennas.
Such concentration has many advantages. Above
field

of the transmitter at the place of reception is in-

all, the intensity of the eclectromagnetic

creased, other conditions being equal. This means:
lower operating costs for the transmitter and also

10 TrspLa TECHNICAL REPORTS
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lower cost of installation, assuming the system of
divectional antennas and transmission lines is not
too expensive: inereased ratio of signal strength to
noise level in the receiver: such an exeess of energy
veceived that the influence of fading on reeeption
is more casily compensated: reduction of mutual
interlference of transmitters; reduction of reception
in undesired places: reduction of the -disturbanee
ol reception by signals which go in opposite diree-
tions around the earth, ete. )

For similar reasons, directional receiving antennas
are used ax well, mainly for communieation between
lixed stations.

The more sharply the transmitted energy has to
be concentrated in a desived divection. the greater
must be the dimensions of the directional antenna in
relation to the wavelength used. Generally, these
dimensions are of the order of several wavelengths,
On short waves, with these dimensions. it is practie-
ally neeessary to suspend the antenna on masls
several tens of meters in height. With such fixed con-
structions, the dircetional antenna can be used only
for transmission in some particular direction. There-
fore. for each direction desired. a special direetional
transmitling antenna has to be installed.

Due to the periodic and irregular changes in the
state ol the ionosphere. it is constantly necessary Lo
change wavelength, for conumunication between
given locations, over very wide limits. Even for
transmission to various distances in the same divee-
tion, it is necessary to use different wavelengths,

Directional transmitting antennax usually are
svstems of conductors. which maintain eleetvieal
standing waves, Impedance and direetional proper-
ties of such antennas are very sensitive to change of
wavelength of the transmitted energy: anteunas
practically lose their favorable divectional proper-
ties when the wavelength is changed - even a small
pereent  from the wavelength for which they have
been constructed. Some directional antennas with
non-resonant current distributions such as the so-
called series-phase antennas. have similar properties,
A special antenna is necessary not only for ecach
dircction of transmission. but also for cach wave-
Iength used in cach diveetion. This is especially dis-
advantageous  for short-wave broadeasting  sta-
tions. which usually send out several relatively brief
programs to places in different directions and at
different distances every day. and at different hours,
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- Thix is why forests of antenna masts with many an-

tennas hanging from them, have grown up on exten-
sive grounds around such transmitters. Such anten-
na systems with their respeelive transmission lines

used Lo be very expensive and uneconomieal.

12. Rotutable Antennas

“In order to do away with the necessity of having
special antennas for cach direction of transmission
or l‘(‘(‘(‘plinn. different syslems of short-wave rota-
table direetional antennas have been designed, Usu-
ally they are arrays of horizontal or vertical dipoles
mounted on one or two rotating towers [T Should
the desired concentration of energy transmitted or
reecived he very sharp, such arrays must b compli-
cated, heavy, and expensive. 17 the length of the di-
poles is not adjustable, they can be used for only
one wavelength. 10 adjustables such arrays are me-
chanically and cleetrically even more complicated,
and at the same time usable only within a relatively
narrow band of wavelengths,

13. Aperiodic Antennas

The disadvantages rvesalting from the necessity
of construeting a special resonant antenna for cach
wavelength used are eliminated by aperiodie anten-
nas, whose impedanee and directivity change bu
little within a fairly broad frequeney range. The best
known of these is the rhombic antenna [2]. Tt con-
sists of four horizontal conductors forming a rhom-
bus, suspended from four fixed masts. The rhombus
is connected 1o the transmitter or receiver by a line
going Lo a corner with an acute angle. while to the
opposite corner a terminating impedanee is conneet-
ed, which is equal to the characteristic impedanee
of the line and antenni. so that a non-resonant cur-
rent distribution is obtained. The main radiation of
the rhombic antenna is along the long diagonal of the
rhombus, in the direetion from the transmission line
towards the terminating impedance. The radiation
diagram depends on the ratio of the Tength of the
rhombus legs to the wavelength. on the apex angle of
the rhombus. on the height of the conductors above
ground. and on the electrical properties of the carth
below the antenna. The dimensions of the antenna.
the angles of the rhombus. and the height of the
antenna above ground are such that the antenna has
optimum directional properties for one wavelength,
On other wavelengths the directional properties de-
teriorate hecause with a conductor of a given length,
different apex angles.and a different height of the an-
tenna above ground would be necessary. This deter-

joration is not serious within a faily wide band
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about the wavelength for which the antenna has
been construeted. Thas, for example, a fixed rhomb-
ic antenna with fixed apex angle ix usually used
within a band of wavelength which is hetween one-
hall 1o one-sixth of the length of one leg of the

rhombus.

14. Advantages and Disadvantages of the Rnombic

Antenna

Besides the above-mentioned advantages. com-
mon to all direetional antennas, the rhombic anten-
na has in addition chiefly these twos simplicity of
construction and high input impedanee which en-
ables the antenna to he direetly connected to asym-
metrical transmission line. Horizontal polarization
of the waves in the direetion of the main lobe makes
the <hape of the directional pattern less dependent
upon the eleetrical ]n‘np«-rlivs of the ;:rnuml near the
antenna, This is beeause at elevations less than 30,
the ground reflection coefficient of the horizontally
polarized wave component depends much less on
ground conductivity than does the ground reflection
cocflicient of the vertically polarized wave compo-
nent.

Furthermore the elevation angle of the main lobe
diminishes with the wavelength, Thix is advantageous
beeause shorter waves are used for communication
over longer distanees and they require greater angles
of incidenee al the ionosphere, O course, these ele-
vation angles depend to some extent on the proper-
ties of the ground near the antenna.

The greatest disadvantage of the rhombic trans-
milling antenna is the loss of a great part of the
power supplied by the transmitter in the terminat-
ing impedanee, This loss can he reduced by conneet-
ing two or more rhombic antennas in series. so that
cach additional antenna radiates a part of the
energy not radiated by the preceding one [3]. There
are designs according to which it would be possible
to feed the unradiated energy rom the terminating
point hack to the feeder point of the antenna [4].

An additional disadvantage is the above-mention-
ed deterioration of the directional effect of the an-
tenna at the extreme limits of the usable range of
wavelength, Tn order to eliminate this disadvantage
a horizontal rhombic antenna hung on four masts
has been deseribed, which provides for changing the
apex angles of the rhombus when changing the wave-
length [53]. Thix. at the same time, results in
broadening the band of wavelengths for which the
antenna can be used, but at the cost of complicating
the mechanieal construction.

Another disadvantage is the fact that the direction-

al properties of the antenna, especially the vertical
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radiation pattern. as well as the angle of elevation of
maximum radiation, depend to some extent upon
the electrical properties of the ground near the an-
tenna, i, e upon the weather conditions, ITn ovder to
climinate this disady antage it has been proposed 1o
change the height of the antenna above ground when
the ground properties change [0]: this. of course.
means again complications in mechanical construe-
tion.

With a standard horizontal rhombie

antenna.
having a uxeful band of wany elength of 1:3. hung at
a height approximately one half of the longest usable

wavelengthe the elevation of the main lobe is too

g,

great (157 to 307). Ience a considerable part of the
radiated energy goes through the ionosphere.

A very considerable disadvantage i= that the an-
tenna can be used for one direction of transmission
or reception only. It is therefore necessary Lo ereet
a special antenna for cach particular diveetion.
which results in higher construction and mainten-
ance costs and. of course. requires a greater land arca
as the longer diagonal of the antenna is almost four
times the longest usable wavelength., Installation of
the antenna requires four masts. usually higher than
20 meters.

In the l‘u]]tm‘ing part of this paper a prnlmsul for
a rotatable directional antenna is given. which eli-
minates or diminishes most of the mentioned disad-
vantages of dircetional antennas. and of the rhombie
antenna in particular. and brings some very substan-

12 Pesea TeenNican RErorts

Declassified in Part - Sanitized Copy Approved for Release 2012/11/01 : CIA-RDP80-00926A003700030019-0

tial advantages. A transmitting antenna will be
deseribed. but the same construction mayv he used
for the receiving antenna as well.

2,0 ROTUATABLIE

DIRECTION VLD ANTENNA

21, Deseription

A schematic diagram of the main features of the
proposed rotatable direetional antenna [7] i given
in Fig. L. The antenna consists of conduetors of the
same lengthe 310310320 320 symmetrically arranged
to form a rhombus. The higher ends of conductors 31

are altached by means of nsulating members to

the rotating head of a wooden mast 1. Their lower
ends are conduetively conneeted to the conduetors
32. the [ar ends of which are insulated. attached
to the cable drum of the car 20 by means of a hem-
pen rope 50, and loaded by the weight 60, The re-
maining two apexes of the rhombus. at the junctions
of conductors 31 and 32, are attached by means of
the sectioned cables L1 1o the cars 21, 21 the posi-
tons of which are symmetrical to the car 20. The
length of thesinsulated sections of the cables s
about ! of the shortest wavelength to he used. Cars
20. 21. 21. run on a circular track. the center of
which ix at the mast 1. Tn the picture only a section
of the track has been drawn,

The far endx of conductors 32 are fed by means
of the twin line 70, connected at the point 71 1o a
translormer located at the bottom of the mast /. The
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primary of this transformer is conneeted 1o the
transmitter by means of a pipe feeder or coaxial
rable.

The twin line 70 is attached to the car 2/ by means
of a sectioned cable 41 and, at the point of attach-
ment hung under the junction of conductors 31/
and 32 of the rhombus by an insulating member, The
upper ends of conductors 31 are conneeted by means
of the twin line 9, led along the mast to a terminat-
ing impedance equal 1o the characteristic impe-
dance of the feeder 70 and the mpul impedanee of
the antenna. ‘The connection of the twin line 70 at
point 71 to the feeder and of the twin line 9 1o the
lerminating impedance is construeted in such a way
that it ~]wrmilra rotation of the antenna and its feed-
ing and termination at different positions of the
cars, This is achieved e, g. by use of coupling trans-
formers coaxial to the mast, one winding of which
is fixed around the mast, while the other, coaxial o
the [first, may rolale around it. (Should the
antenna be used for reception, the Lerminating re-
sistor will be hung at the point 9).

Though no anchoring system is shown in the
picture, the mast 1 has to be anchored. This can be
done by sectioned cables conneeted to an extension
of the mast above the rotatable top head, <o that the

cantenna, as well as the cables 4 can rotate under

the anchors. Another way of anchoring the mast
would be by scctioned cables fixed to the rotary
mast head on one side and on the other to two an-
choring cars which run on a cireular track,

The whole antenna system can be rotated by si-
multancously moving all three ears 1o such jrosi-
tions that the radius between the car 20 and the
mast I coincides with the dircetion of transmission
or reception. The motors of all cars (as well as the
cable drum motor of the car 20) can he switehed on
from the operating room. Their switching of(aceord-
ing to the desired direction of transmission can he
done automatically, e. g. by sets of three particular
stops for ecach direction in question. which can he
controlled from the operating room as well, Then
the apex angle of the rhombus is set in order to se-
cure oplimum dircetional properties of the antenna
on cach lrequency used.

This setting of the apex angle of the rhombus is
carricd out by symmetrically driving cars 21 nearer
Lo or away from the car 20, This again oceurs by
distant =switching on the motors: they are switch-
ed off by preset stoppers or from the operating
room, after they have reached the correct positions
for the l‘l‘n'qu('n('_\ in use. Belore moving the cars 21
away [rom cach other the rope 50 has to be loosened
by turning the cable drum on car 20, Finally. con-

ductors 32 and 31 are aligned in the same plane by
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taking up the slaek in the rope 50, combined with the
effeet of the counterweight 60,

Feeder 70 may be construeted so that it will Tie
in the vertical plane of symmetry of the antenna; al
une point between the connection Lo the antenna at
the counterweight 60 and the point 71, the feeder
will be supported by a non-conducting rope. run-
ning freely through a pulley fastened to the rotary
mast head and stretehed along the mast by a counter-
weight hanging on a free pulley. Ilowever, this
kind of construction does not provide for setting the
apex angle of the rhombus within such broad liuits
as the construction pictured in Tig. 1.

In order Lo aveid an eventual influence of the rails
on the directional patlerns of the antenna the rails
have to be grounded at many points and, if neces-
sary, clectrically divided into sccetions olated one

{rom another,

22. Adjusting the Antenna

Fig. 2 represents a schematie diagram of the pro-
posed rotatable directional antenna for short-wave
broadeasting purposes in a waveband from roughly
11 to 50 meters. 1t is assumed that the length of the
antenna conductors is 50 meters, height of the mast
aboul 35 meters, radius of the track 150 meters and
the height of the feed point of the rhombus about 13
meters. The ground-plan in the lower part ol the
picture shows positions of the antenna conductors
and the three cars at different settings for five
short-wave hroadeast bands, Only the lower part of
the ground-plan is drawn. the upper half being sym-
metrical to the lower. The antenna eonductors are
drawn in full lines, while the sectioned suspension
cables connecting the side apexes of the rhombus to
the cars 21 are drawn in broken lines, The vope con-
neeting the bottom apex of the rhombus to the
cable drum of the middle car 0 is drawn in dotted
line at the setting of the antenna {or the 11 meter
wave. being partially drawn for the other extreme
setting of the antenna. i. e, at 50 meters as well. The
optimum apex angle is given by curve r)ll“._ shown in
Fig. 6. For wavelengths about 50. 31. 25, 17 and
[T meters. when the respective ratios of the length
ol the antenna legs to wavelengths are approximaltely
I, 15, 2. 3 and 4-3, the side car shown will move on
the rail to positions 1. 1:3. 2. 3 and 4-5. For these
apex angles, r):“. the radiated field will attain s
maximum values. In the eross seetion along the
vertical plane of symmetry, sketched in the upper
part of Tig. 2. different planes of the antenna can be
secn; these respective planes are determined by the
antenna conductors, drawn in full line, and by the
suspension cables (drawn in broken line). which tie
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_ the autenna to the side cars. Sketehed planes belong

to the same positions of the side cars as mentioned
above, marked again 1, 1'3, 2. 3 and 43, and their
clevation angles are about 20°. 161°, 151 14° and
13}° respectively. In the anteuna position for the

0 N :
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with the setting of the elevation angle of the plane of
thombus. In the lower right-hand comer of Fig. 2,
a graphical representation is shown of the depen-
dence of the elevation angle & upon the value of the
angle 0 (i. e. half the apex angle of the rhombus at

T /')'"//"77‘//.7'//,7..7/7//7f/,//./77/'/‘

TIITTIS ]SS T T
5 3 2 B !
0

11 meter waveband (cars being in the position $:3).
a dotted line represents the hempen suspension rope
connecting the feed point of the antenna conductors
with the cable drum of the center car 0. while in
the antenna position for the 50 meter waveband
(side cars in position 1) only a part of this rope
nearest to the ends of the conductors is drawn.

The adjustment of the apex angles of the rhombus
by moving the side cars is automatically connected

14 TEesLa TECHNICAL REPORTS
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Fig. 2

the mast). expressed. with the antenna of dimensions
stated above. by the equation

)22

i are sin .

cosd
The apex angle at the mast being diminished by
moving the side cars towards each other. the inclina-
tion angle of the antenna plane. as well as the angu-
lar elevation of the maximum radiation pattern of
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‘the antenna become smaller. This automatic setting

* of the vapcéx angle with the inclination angle is very

favorable, because it is advantageous to diminish
the apex angle and to lower the angle of elevation
of the maximum radiation with shorter waves.

By diminishing the height of the antenna mast
and the radius of the rails, the angular clevation of
the maximum radiation becomes somewhat greater,
as can be seen by comparison of the upper part of
Fig. 18 (height of the mast 23 meters, radius of the
rails 100 meters) with the full line diagram of Fig. 7
(height of the mast 35 meters, radius of the rails
150 meters). Both diagrams are valid for rhombus
legs of 50 meters and at a wavelength of 50 meters.
The ficld strength in the dircction of maximum ra-
diation will become lower at the same time.

23. Advantages and Disadvantages of Rotatable
Directional Antenna

A great advantage of the proposed antenna 1is
that it enables us to rotate the beam of concentrated
radiation to any direction without rotating an entire
complicated construction, by simply moving three
cars. Instead of the four masts necessary with ordi-
nary rhombic antennas, this antenna has one fixed
_mast only.

In addition, the present antenna is aperiodic
within far greater limits than the rhombic antenna.
This extension of the usable band is made possible
by resctting the appropriate apex angles of the
rhombus for each wavelength. In contrast to a fixed
rhombie antenua of the same dimensions, the pro-
posed antenna can be used even on a wavelength
twice as long as the longest usable wavelength of
the fixed antenna. Going towards the shorter wave-
lengths, the usable waveband is limited only by the
length of the insulated sections of the anchoring
guy wires. These scctions being short enough, say
2 meters, the useful range of the antenna can com-
prise the entire short-wave broadeasting spectrum;
moreover, the antenna will have the best possible
directivity on cach used wavelength.

Owing to its rotatability and wideband aperiodi-
city the proposed antenna will replace a complicated
syst(‘m of many directional antennas. It means re-
duction of construction and maintenance costs as
well as savings in the necessary ground space. When
an unexpected change of beam direetion becomes
necessary, a few small adaptations. such as resctting
the car stoppers, ete.. will do the trick; there is no
need to construct an entirely new antenna.

The apex angles of the rhombus are set by the
came mechanical means which rotate the antenna.

This resetting of the angles for cach wavelength
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brings, as against the fixed thombic antenna, the
following additional advantages: the transmission
becomes more clfeetive by obtaining oplimum con-
centration of radiation, the shape of the radiation
pattern can easily be set according to actual need,
and the dimensions of the antenna systems can be
diminished by nearly one half.

The dependence of the ficld strength in the direc-
Lion of maximum radiation upon the electrical pro-
perties of the ground under the antenna and conse-
(uently upon the weather is diminished by the slant-
ing suspension of the antenna, because the ficld
strength of the wave reflected by the ground in the
direction of maximum radiation is substantially low-
er than the ficld strength of the direct radiation in
that direction. It is true that this results in a slightly
lower total ficld strength in that direction, but this
loss is more than equalized by the gain from greater
effectiveness in consequence of the control over
the apex angles of the thombus and of lower angular
elevations of the main lobe. The angular elevation of
the maximum radiation of an ordinary fixed rhomh-
ic antenna (legs from two to six wavelengths) is
usually from 30° to 15°, whereas with the proposed
antenna of the dimensions mentioned above and at
the same wavelengths the angle of the maximum ra-
diation will be from about 15° to nearly 47, as can
be seen from the curve 90°— @, in Fig. 6. This low-
ering of the angular eclevation of the maximum
radiation results in two consequences: 1. The phase
difference between the fields of the wave reflected
from the ground and of the direct radiation will he
lowered and. therefore, the overall ficld strength
will be higher; 2. the radiation in the dircction of
great angles, which goes through the ionosphere, will
be reduced. The lowering of the overall field
strength resulting from the slanting suspension of
the antenna is of no practical consequence. because
due to the changes of the angular elevation of maxi-
mum radiation in consequence of the changes of
ground propertics through weather, the fixed rhomb-
ic antenna will not put the maximum field in the
desired direction anyway.

A further advantage of the proposed antenna is
the dependence which exists between the setting of
the apex angles of the rhombus and the setting of the
slope of the antenna and the consequent automatic
resetting of one when the other is being set. This
aids in lowering the angle of elevation of the
vertical radiation pattern when the wavelength
decreases.

The proposed antenna is very elastic in traffic.
Direction, wave angle and the shape of the radiation
patterns may be directed quickly and from a distant

operating room according to the traffic conditions,
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. e, g when the electrical properties of the grnum\
change due to different weather conditions.

The proposed antenuoa is purticularly suitable for
communication with mobile stations, and for short-
wave broadeast transmitters which put out w great
number of quickly changing program schedules
destined for different countries. Two such antennas.

%
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which happens to be switched off. would have to be
considered.

The proposed antenua has the dizadvantage of all
vhombie antennas. i. ¢, that it will radiate only
about half the supplied power. These losses may he
reduced by using the same steps as with an ordinary

a. a second identical antenna

rhombic antenna: e g

set for somewhat differing direetions. and perhaps
suspended on a common mast. could probably be
used for leading a mobile station to a target.
applying the method of two alternating directional
patterns.

With this system. the direction of landing and the
sharpness of its indication could be changed accord-
ing to the position of the mobile station or other
circumstances (wind direction. ete.). by turning
or sharpening the directional patterns, Should the
two antennas be suspended on a common mast.
problems of mutual influence of both antennas, as
well as of the possible resonance of the antenna

TESLA TRCHANICAL REPORTS
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connected in series could he rotated to another favor-

able direetion. This direction. az well ax the coneen-
tration of radiation could then be chosen aceording
to the actual need.

The

from the [uu‘iiu] lowering of the overall Field strength

above-mentioned  disadvantage  resulting
due to the sloping suspension i« more than amply
compensated by the control over the apex angles of
the rhombus ax well as by setting and stabili<ing the
angular clevations of the maxinium radiation.

Iven when the maintenanee of the control meeha-
nisms must be considered. the maintenancee of the

proposed antenna w ill. in all probability. he simpler
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. . [ham \Qvould 1)( 1111'. mainlenance of the who]c syslcm
of i\utt-;mas% which the proposed antenna  will
replace. '

Should the supporting mast be anchored by
further cars, some measure for ensuring a sychroniz-
ed motion and
center car and both the anchoring cars would be
11(‘(‘(‘5531‘}' .

constant distances between the

3. COMPUTATION OF THE DIRECTIONAL
PATTERNS

31. Electromagnetic Field of the Radiating
Conductor

A lincar conductor in spaee, having a negligible
diameter when compared with the length I, carries
high frequency current and radiates clectromagnetic
waves. In the element ds of the conductor, the dis-
tance of which from the start of the conductor is s,
at time ¢ there is a current i and a charge ¢. The
clectromagnetic field at the point M (co-ordinates
x, ¥, 5 of the left-hand rectangular system as in Fig.
3), the distance of which from ds i r, and at time ¢
is given by the electric ficld e and the magnetic ficld
h at that point and time, expressed in clectromagnet-
ic egs units [8]:

a .
e(v.v.st) o — ot [a(x, ¥, 2 )] — V(v vz ), (1)

h(x,y. 5.0V

< a(x. v, s0). (2)

where the retarded scalar [ml('ulial ¢ and the retard-

ed vector [ml.('nlial a at M and ¢ are given by

[ r
g(x, v,z 1) 02f ‘](‘\ l Z) ds, (3)
‘ f i(s, 1 — ;)
a(x, v.z. t) ds. 4)

x 0O

32, The Sloping Rhombic Autenna

Fig. 3 is a diagram ol a sloping rhombic antenna,
the conduetors T and 2 of which are fed at the origin
0 of co-ordinates, with a phase difference of 180", by
the currents -+ Te™'. The conductors 2 and 3 are
terminated by the resistanee R, equal to the real
part of the characteristic impedanee of the conduc-
tors. The positive direction of the conductors is
from 0 to R.. The length of cach conductor is . The
angles o between the conductors and the axis OR, is
always positive, The plane of the antenna, is inelin-
ed to the ground plane (xy) at an angle J; the height
of the driving point O above the ground (x,y,) is b.
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The distance (rom O to M, a distant point, is given
by ry, forming the angles y, and y, with conductors
1 and 4 respectively and the angle @ with the
axis z. The projection of ry on the plane (xy) is
inclined to the axis x at an angle @, which is posi-
tive from -| x to | y and negative from l-xlo- .
The projection of rq on the vertical plane (xz) is in-
clined to the axis z at an angle &, which i< positive
from |3 to -] x and negative from | 3 towards —x.
At point M dircct radiation from ds is received in
the direetion of r while energy reflected from the
ground, with angle of reflection ©, at point D,
reaches M in the direction r'. The ray ry, radiated
from O towards the point of reflection D, is in-
clined to the conductors I and 4 at angles y, and
g, respectively. M is sufficiently far that the angle
of incidence and reflection at D, is equal to that
at D,

The following computation of the field strength
of the electromagnetic radiation from a transmitting
rhombic antenna suspended aslant above an imper-
fectly conductive ground has been worked out under
the usual assumptions, viz. that the damping along
the conductors and the mutual impedance of the
conductors and between them and ground have
been neglected. Conscquently  the characteristie
impedanee of the conductors is real (R,) and the
current in the element ds of the conductor at time t is

. 8
i el (5)
where I,,ci" is the current at the starting point

of the conductor.

33. Direct Radiation

The currents in clements ds of the conductors, the
distance of which from the starts of the conductors
is s, are according to (5):

. (,_N‘)
iy - Igel il

(I i, .s')

iy - - Tgee'™\V e el (0)
(L ‘o x)

iy = — I[m(;J"’ e,
=

iy o — Ige’\ el

where the veetors Iy, ... have the magnitudes I, in
the positive directions of conductors I... The ampli-
tude I, is held constant when the wavelength or the
form ol the antenna is changed.

The direction cosines of the antenna conductors

are:
cos(ylx) cosd cosd - cos(fx),
cos(ly)  sind  — cos(y), (7)
cos(1z)  cosd sing - cos(1z).
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The direction cosines of the ray r, are:

N
cos(ryy)  sin@ cos@,
N\
cos(rov) sin@ sind, (8)
N A
cos(rys)  cosO.

When (7) and (8) used. the angles between ry and
the conductors are
aN N ~ ~N
cos(ryv) cos(ly) cas(ryy) cos(1v)

+ cns(r;\:) (‘us(i\:.) mintop, (9)

cosy,

N N AN N
cosyy cos(ryy) (‘ns(-l:') i cos(rgy) cos( i)
~ 7
+ cos(rgz) cos(4z)  m - ot op,

Nore
WiIlCTY . .
m cosd sin@ cosd vosd

n - sin® sin@ sind. -

p - cos@ cosd sind.

The distance between the point M and the an-
tenna is great. compared with the dimensions of the
antenna.

The components (produced by currents in the
respective conductors) of the retarded veetor poten-
tial at point M, the distance of which from the points
ds on the conductors is r and from the point 0 is ry.
at time ¢ will be computed from (4) by substituting
from (6) and by using the following relations for
distances of M from ds at rg ™MW I

conductor I ..... . r T, — §CO0syy
conductor 2 ...... rore— lcosyy —- s cosyy
conductor 3 ...... r - re—- | cosy, — s cosyy
conductor 4 ...... r - ry—- S COSy,.

The influence of the difterence ry —r at ry NI
on the amplitud(.‘s is only a s<mall one, but it is very
substantial upon the phase angles of a. After inte-
gration and rearranging according to (12). the result
in the first approximation will be

l ) ry . sinu
a, — - I e-""("‘T‘) e— 1 -
L T
l . 7| . sine
a, - g€ f*T) PRI ELI S L
I N ( r (10)
) . Yo . _osinu
a; - —— gy e l.‘A (') e =re - .
o u
l ) r\ . sine
S P TR P
1 _— v« ) v
where after substituting from (9):
1 1
w=w-—(1—cosyp) T, (l—m - n-— J0]
2¢ A
()
v = w — (1 — ecosy, g+ (l—m +n--p
2C ( ‘Iz) A ( I)

and 1- e 2 2je i sinu.

(12)
A vertical plane, including the point M.ray r and the
element ds of the radiating conductor is the plane
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of incidence 1. because it includes the ray 7' from
ds to the ground and reflected at D, from the ground
to M ax well (see Fig. 3). When ry ™ I. the planes of
incidence comprising various clements ds and the
identical point M are nearly parallel to cach other
and to the vertical plane which inclades 0, M and
the ray 7y It is necessary to divide the electrice field
of the radiation falling on the ground at the antenna
into a component with a veetor |wrpvndi(‘u]nr to the
plane of incidence and a component with a veetor
included in the plane of incidence: to cach of these
helongs a different coelficient of reflection from the
ground. We therefore d